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INTRODUCTION
The lone Formation consists of interbedded anauxitic clays and quartz sands deposited in Eocene deltas and shallow water on the weathered surface of Jurassic metavolcanic and metasedimentary rocks of the Sierra Nevada foothills. The formation crops out in a narrow belt extending about 200 miles along the western margin of the Sierra Nevada. The presence in the lone sands of zircon and ilmenite in appreciable amounts suggested to Alien (1929) a predominantly granitic source, probably the Sierra Nevada batholith to the east, even though other granitic derivatives such as hornblende, sphene, and biotite are scarce. Alien attributed this scarcity, together with low contents of Na, K, Ca, Mg, and Fe, to strong chemical weathering. Lignite is interbedded with sands and clays, particularly in the lower strata of the formation (Pask and Turner, 1952) .
The purpose of our investigation of the lone Formation was twofold: (1) to investigate a possible correlation between uranium and thorium and heavy-mineral contents, principally zircon and ilmenite (characterized by abundances of Zr and Ti, respectively), which might in turn be indicative of gold concentrations, and (2) to compare regional differences in K, U, and Th with contents observed in granitic and pregranitic rocks of the Sierra Nevada (Wollenbergand Smith, 1968 ,1970 .
Gold in minable amounts was discovered in and was recovered from Tertiary river channel gravels in the Sierra Nevada (Lindgren, 1911; Peterson and others, 1968; Whitney, 1880) . Alien (1929, p. 402) noted that the gravels were deposited at least in part by the same streams that laid down the delta deposits of the lone Formation. With these aspects in mind, we sampled various exposures of the formation from the lone-Buena Vista area on the south through the Folsom-Rocklin, Lincoln, and Marysville Buttes areas to the north. (See fig. 1 .)
In addition to samples from the lone Formation, we collected and analyzed samples of middle Eocene sandstones (Domengine and Tesla Formations) from the Nortonville and Corral Hollow areas of the California Coast Ranges. Alien (1941) noted the general similarity in mineralogy between the lone Formation and upper Eocene rocks of the Coast Ranges and proposed that these formations all had a common source, the Sierra Nevada. He observed that andalusite and anauxite, prevalent in the lone, are present in the Tesla and other Coast Range Eocene sandstones. Andalusite commonly occurs in metamorphic rocks of the Sierra Nevada (Dodge, 1971 ) but has not been reported from preTertiary rocks of the Coast Ranges. Alien's observations were confirmed by Huey (1948) in his report on the Tesla Formation and by Todd and Monroe (1968) in their study of the petrology of the Domengine Formation.
Uranium and thorium in granitic rocks are most concentrated in the nonmagnetic accessory minerals, monazite, zircon, allanite, and sphene. Of these, sphene is generally the most ubiquitous in granitic rocks of the Sierra Nevada batholith (Lee and Dodge, 1964, description of the heavy minerals accompanying gold in Sierran deposits includes radioactive (predominantly zircon) and non-radioactive accessories. Therefore, gold may or may not correlate with the radioactivity of the host sands of Sierran placers. Potassium, which generally contributes one-quarter to one-third of the observed field radioactivity, does not correlate with heavy mineral assemblages but rather with the abundance of K-feldspar in parent rocks and associated clay minerals in sand deposits.
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ANALYTICAL METHODS
At about half of the sampled locations, field gamma radioactivity was measured with a sensitive portable scintillation counter having a 3-by 3-inch Nal(Tl) detector. Thus field radioactivity could be directly compared with trace-element concentrations. Samples of 1.5 to 2 kg (kilograms) were collected in polyethylene bags. Moist samples were dried, then all were packaged in tight polyethylene containers, holding 0.8 to 1 kg, for gamma-ray spectrometry for K, U, and Th at the gamma-counting facility at Lawrence Berkeley Laboratory. Counting, pulse-height analysis, and data reduction have been described by Wollenberg, Smith, and Bailey (1967) . After gamma counting, splits of the same materials were analyzed at the U.S. Geological Survey laboratories for gold by atomic absorption (Thompson and others, 1968) and for several other elements by semiquantitative spectrometric methods using techniques described by Grimes and Marranzino (1968) . Analytical data, sample locations, and sample descriptions are given in table 2.
RESULTS AND DISCUSSION
Radioelement contents of Eocene rocks are summarized by lithologic type and geographic location in table 1. Data on the lone Formation are arranged in groups according to areas, from north to south. The lone sandstones sampled in the lone-Buena Vista area are characterized by a low potassium content (average 0.25 percent) as compared with sandstone from other areas. Pask and Turner (1952) recognized an upper predominantly sandy facies and a lower predominantly clayey facies in the lone Formation in the Buena Vista area. Closely spaced samples were taken from a roadcut in the upper sandstones near lone and from drill core from the clays of the lower lone Formation near Buena Vista. The sandstones of the roadcut (samples 14-3' to 14-49') showed a broad range of U and Th contents, roughly following variations in Zr, Ti, and La. This suggests a correlation of radioelements with zircon, ilmenite or sphene, and perhaps monazite. It is interesting to note that generally the highest U contents were not associated with lignitic sandstones, but rather with the gray sandstones (samples 14-30' through 14-49') indicative, by their dark color and their generally high Zr and Ti contents, of high heavy-mineral contents. Generally, lone sandstones and clayey sandstones have a broader range in Th and Th/U ratio than do the predominantly clayey sediments, although average U content is similar for the two rock types.
Clays of the lower lone Formation in the Valley Springs area near Buena Vista are typified by the samples from the Gerberding borehole (samples G-22' to G-238'). The hole was drilled 254 feet and bottomed in the strongly weathered surface of Jurassic metamorphic rocks at the base of the lone Formation. Highest uranium contents in the core were in an interval of gray lignitic sand (sample G-162') where U predominates over Th by a factor of 5.5. As this is the only specific indication in our samplings of strong preferential concentration of U by carbonaceous material, this lignitic sandstone has been excluded from the averages of table 1. Other lignitic samples from the cores and from surface exposures 
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, R. 6 E. , R. 6 E. R. 10 E. R. 10 E. R. 10 E. R. 10 E. R. 9 E. R. 10 E. , R. 9 E. R. 9 E. R. 10 E. R. 10 E. in sandstones and clays show Th/U ratios of the order of those in the nonlignitic sandstones and clays, but the mean Th/U ratio of clays and lignites is somewhat lower than that of sandstones. From a regional standpoint, clays of the lone-Buena Vista area contain appreciably less potassium than clays at Lincoln.
REGIONAL DIFFERENCES IN U, Th, AND K
The relations between contents of U, Th, and K in different regions are illustrated in the ternary diagram of radioelement fraction (normalized to U(ppm)+Th ( Buena Vista area covers a broad range of Th/U, as does the relatively higher K field of the Nortonville-Corral Hollow samples.
RELATION OF RADIOELEMENTS TO HEAVY MINERALS
The apparent correlation between radioelements and heavy minerals on a formation-wide basis was tested by plotting Th+U against semiquantitative spectrographic values of Zr, Ti, and La ( fig. 3) . Absolute values of Zr greater than 1,000 ppm (parts per million) and Ti greater than 1 percent are not reported; nevertheless, the plot shows generally positive trends and indicates, in turn, the general correspondence of Th and U and heavy minerals. The relatively high concentration of La (^=70 ppm) in highly radioactive gray sandstones (samples 14-30' to 14-49', table 2) suggests the presence of rare-earth minerals, perhaps allan- ite and (or) monazite, although these minerals were not reported by Alien (1929), and Lindgren (1911) noted the conspicuous absence of monazite in the Tertiary gravels (also see Lee and Dodge, 1964) . The positive correlation between Th and U and heavymineral concentrations in present-day Gulf and Atlantic coast beach sands was described by Mahdavi (1964) . In some localities, sandstones with high Th and U contents have relatively high Mn contents, as shown in table 2. With one marked exception, the lignitic sandstone near Buena Vista with abundant U (sample G-162'), highly radioactive sandstones are low in Ni and Mg, components most likely derived from ultramafic source rocks; the highly radioactive sandstones are generally high in Cr, however. Quartz-pebble conglomerates near the base of the lone Formation have the lowest U and Th contents, attesting to the abundance of quartz.
GOLD CONTENT
There is no apparent correlation between Th, U, or whole-rock radioactivity (counts per minute per gram of sample) and gold content. Of the 77 analyzed samples, 24 had values exceeding the atomic-absorption analyses detection limit of 0.02 ppm Au. The highest Au content measured in the Eocene sandstones, 0.21 ppm, was in a sample of Tesla Formation from Corral Hollow; radioelement contents were 2.21 ppm U and 9.01 ppm Th. This sample contained intermediate amounts of Ti and Zr (0.5 percent and 100 ppm, respectively). Gold was below the detection limit in the richest Th-U Zr-Ti samples of dark sandstones from the roadcut near lone (samples 14-30' and 14-36') . A sample of brownish sandstone from the Lincoln area (No. 21) contained 0.10 ppm Au, greater than 1,000 ppm Zr, and 1 percent Ti. However, radioelement contents of the sample were relatively low: 1.50 ppm U and 4.06 ppm Th. There appears to be little or no correlation between gold and heavy-mineral contents in the Eocene sandstones.
RELATION OF FIELD COUNTING RATES TO Ti AND Zr
From the plot of radioelements relative to Ti and Zr in figure 3, one may surmise that there are similar relations between field counting rates and Ti and Zr, representatives of heavy-mineral concentrations. The plot shown in figure 4 indicates that the gamma-ray counting rates measured on the outcrop vary roughly with zircon and ilmenite contents in the sands (field counting rates were measured at only about one-half of the sample localities). 
COMPARISON OF IONE FORMATION AND ITS SOURCE ROCKS, RADIOELEMENT CONTENTS AND RATIOS
Radioelement contents and Th/U ratios of the lone Formation sandstones and clays, summarized in table 1, can be compared with mean radioelement contents of possible source rocks of the lone (table 3) . Units sampled previously, which are probably repre- sentative of the Tone's source materials, are granitic rocks of the Yosemite-San Joaquin region, the Rocklin and Bucks plutons, and pregranitic Paleozoic and Mesozoic rocks of the western slope of the Sierra Nevada. Although the Yosemite-San Joaquin granitic rocks are well to the south of the lone-Buena Vista area, analyses of various samples of granitic rocks collected between Yosemite and Lake Tahoe indicate similar Th, U, and K contents. The Th and U contents of the sandstones and clays in the lone-Buena Vista area are similar to, or somewhat higher than, those in granitic rocks of the Yosemite-San Joaquin region. Radioelement contents of the northerly exposures of lone sandstones are more nearly like those of the pregranitic rocks and the Bucks and Rocklin plutons. However, clays at Lincoln are similar in K, U, and Th contents to the more radioactive granitic rocks. These comparisons suggest that the Eocene sandstones and clays in the lone-Buena Vista area were derived from a region of predominantly granitic rocks. The relatively high Th and U contents of the Lincoln clays as compared with considerably lower values of some of the northerly sandstones make it difficult to associate possible source rocks to the sediments of the northern areas. Low K contents of the samples from the lone-Buena Vista area relative to the more potassic northerly samples suggest that processes associated with transport and deposition, rather than composition of source materials alone, may have played a key role in the distribution of radioelements in the Eocene sedimentary rocks. The overall mean Th/U ratio in the Eocene sandstones and clays is 3.65, similar to the ratios in Sierran rocks listed in table 3. However, Th/U ratios are different in the two litholoic categories used in table 1, being higher in sandstones and conglomerates (mean 4.05) than in clays and lignites (mean 2.93). This suggests some t'ractionation of U and Th, most likely after deposition of the sediments, as U, more mobile as the uranyl ion than Th, would associate readily with the clays, especially in the reducing environment afforded by lignitic material.
CONCLUSIONS
There is little probability that gold exists in exploitable concentrations in the lone Formation, nor is there any apparent correlation between radioelements and gold content. Gold content of samples of the formation was found not to exceed 0.10 ppm, and generally was less than 0.02 ppm. Apparently most of the available gold carried down by streams was deposited in the river channels, and only small amounts reached the depositional basin of the lone Formation.
